Currently, over half of all solar cells produced worldwide are made from polycrystalline silicon (pc-Si). While these devices have comparatively lower efficiencies mainly due to transition metal impurities (10 14 -10 16 cm −3 ) in most of the pc-Si materials 1 . Metal silicide precipitate is observed to increase with decreasing atomic coincidence within the grain boundary (i.e. increasing Σ values) 2 . The effect of impurity in the grain boundary (GB) of pc-silicon was studied using Σ 9 tilt boundaries by Fujita et al 3 .
In the present study we used DFT method to understand relationship between sigma value and impurity precipitation. First we study the dopant position and the nature of interaction between the GB and transition metal.
Finally we have studied the electronic changes that occurred up on doping the transition metal impurities in the GB region.
Results and discussion
Σ 3 (112) grain boundary of pcsilicon was constructed using GB studio 4 . We used VASP code for geometrical optimization. The calculations were performed with monkhorst-pack of 4x4x4, using projector augmented wave (PAW) pseudopotentials with a wave cutoff of 240 eV. The Perdew -Wang (PW91) functional is used for the generalized gradient approximation (GGA) 5 . Periodic boundary condition was applied along x and y axis of the super cell containing 96 atoms. To validate our studies we used one Copper, Iron, Nickel and Chromium atom as dopants and compared our findings with the experimental results 2 . The optimized structures of Σ 3 GB along with the interstitial and substitution site doped Cr is shown in Figure 1 . To know the suitable position of dopant we optimized structures by placing dopants both at the interstitial and at the substitution sites. Up on complete relaxation atomic migration of atoms were found to be minimal along the grain boundary plane, which is inline to the experimental results. 
Conclusions
In conclusion we have carried out DFT studies on the Σ 3 (112) GB of pc-silicon and its doped transition metal structures. Doping process reduces the Fermi level of the system. Energy calculation shows substitution site is the preferred for the transition metals in the GB region of Σ 3 (112) pc-silicon. Due to replacement of silicon with metal atoms a minimal dislocation of ato was observed. 
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